Background and purpose -Historically, high 30-day and 1-year mortality post-amputation rates (> 30% and 50%, respectively) have been reported in patients with a transtibial or higher non-traumatic lower extremity amputation (LEA). We evaluated whether allocating experienced staff and implementing an enhanced, multidisciplinary recovery program would reduce the mortality rates. We also determined factors that infl uenced mortality rates.
■
We previously reported 30-day and 1-year mortality rates of more than 30% and 50%, respectively, in a consecutive series of patients (assessed in 2009) with a transtibial or higher nontraumatic lower extremity amputation (LEA) (Kristensen et al. 2012 ). To our knowledge, these high mortality rates exceed those in all other reports, although short-and longterm mortality rates in general are high in this frail patient group (Johannesson et al. 2004 , Lim et al. 2006 , Dillingham and Pezzin 2008 , Remes et al. 2008 , Johannesson et al. 2010 , Fortington et al. 2013 , Wiessman et al. 2015 .
We therefore implemented an enhanced, multidisciplinary treatment and rehabilitation program (Kehlet 2011) for patients admitted to an acute orthopedic ward who underwent a LEA due to complications from vascular disease or diabetes.
The main aim of this study was to compare the mortality data obtained in 2009 with data from a new 2-year series of consecutive patients, and to determine whether the new program would reduce the mortality rates. Secondary aims were to determine factors that infl uenced mortality rates in the new series of patients with LEAs and to compare the comorbidity and mortality rates in both cohorts with rates from national registry data.
of 15 patients (Figure 1 ). During the 2-year study period, the patients were treated in an amputation unit with multidisciplinary staff that had expertise concerning frail patients (Kristensen et al. 2010) . All the patients were from the same catchment population as the previous series, and all the patients were admitted to the new amputation unit. The pre-and postoperative program included standards for fl uid administration, transfusion, pain management, oxygen supplementation, early mobilization, physiotherapy, and a weekly multidisciplinary conference. No changes were made to the process of admission to the orthopedic ward during the study years, whereas none of the treatment standards instigated (except oxygen supplementation and physiotherapy to some extent) were used for the control group. The fulfi llment of standards was audited by a research nurse on a monthly basis.
Treatment standards
Oral intake of fl uids was supplemented with 1,000 mL standard isotonic Na-K-glucose or isotonic NaCl administered intravenously on postoperative days 1 and 2; fl uid balance was measured from daily body weight, while hemoglobin and blood electrolytes were measured preoperatively and until the fourth postoperative day. Preoperative, perioperative, and postoperative transfusion with erythrocytes was given if hemoglobin levels were below 6.0 mmol/L; patients who were hypovolemic were treated with volume replacement fl uid (500 mL expansion fl uid). Spinal or full anesthesia was used. An ischiadicus catheter with continues infusion of 2 mg/mL Naropin at a rate of 4 mL/h with a possible "bolus" of 5 mL and 30 min lockout time was placed during amputation, to provide extended analgesia for the fi rst 4 postoperative days. Additional postoperative analgesia consisted of paracetamol (4 g per day) and gabapentin (Pregabalin; 600-900 mg a day depending on hepatic function and/or side effects); morphine (10 mg) was used as rescue analgesia. Supplementary oxygen at 2 L/min was given during the fi rst postoperative days, whenever the patient was supine.
The patients were mobilized out of bed as soon as possible after surgery during each 8-hour daytime shift, on the day of National registry data from Hvidovre Hospital and other hospitals in Denmark The Charlson comorbidity index (Charlson et al. 1994) , classifi ed as 0, 1, 2 or 3, and the mortality in Denmark for those admitted to Danish hospitals from January 1, 2009 through December 31, 2009, and from June 1, 2010 through May 31, 2011 were collected from National Statistics Denmark. We included patients registered with 1 of the following "fi rst amputation" surgical procedures (with NOMESCO procedure codes in brackets): transtibial (TTA) [KNGQ09, KNGQ19, KNGQ99]; and transfemoral (TFA) [KNFQ09, KNFQ19, KNFQ99] . Patients with a traumatic amputation, those without a Danish personal identifi cation number, and those younger than 18 years of age were excluded. To identify the fi rst TTA or TFA amputation, we defi ned the fi rst amputation procedure as the index amputation. Each patient was linked to the registry by their unique personal identifi cation number.
Study hospital variables
The primary outcome, time to death in days from the index amputation, was obtained from the Danish Civil Registration System between January 1, 2009 and May 31, 2012. Explanatory variables were: (1) age, (2) sex, (3) residential status (dichotomized as own home or nursing home), (4) preamputation ambulatory status (outdoor walking ability (with assistive devices allowed) vs. 24-hour wheelchair use or combined with indoor walking ability), (5) amputation related to diabetes or vascular disease (the latter included 3 amputations caused by an infection), (6) American Society of Anesthesiologists score (ASA 1-4), (7) the index amputation level (TTA, TFA, or bilateral transtibial or higher level), (8) revision or reamputation within 30 days, and (9) the amputation level after the second operation.
Statistics
Patient characteristics from the current 2-year study (intervention group) were compared with those for a major LEA from the 2009 study (Kristensen et al. 2012 ) using chi-square tests for sex, ASA scores, residential status, cause of amputation, to the orthopedic ward from other regional hospitals following amputation.
Died: on admittance, n = 1 within 30 days, n = 1 within 1 year, n = 4
Died: on admittance, n = 3 within 30 days, n = 3 within 1 year, n = 5
Died: on admittance, n = 19 (15%) within 30 days, n = 20 (16%) within 1 year, n = 48 (37%) 5 patients underwent amputation at Hvidovre hospital, but followed programs in other wards.
129 patients were admitted to the orthopedic ward and followed the program before and after amputation.
amputation or afterward. Physiotherapy was started on postoperative day 1 (weekends included) and continued for 2-5 days during weekdays (for most patients, on a daily basis) until discharge. The program concentrated on patients regaining their independence in basic amputee activities and improving their balance (Kristensen at al. 2014 ). The weekly multidisciplinary meeting included an amputation surgeon, nurses from the amputation unit, physiotherapists and occupational therapists from the amputation unit, and a nurse coordinator who liaised between the hospital and the community.
and index amputation level. Student's t-test was used for age (normal distribution, as indicated by inspection of Q-Q plots, and with homogeneity of variances verifi ed by Levene's test (p = 0.6) for the 2 groups). Cox proportional harzards models with 95% confi dence intervals (CIs), adjusted for the abovementioned variables, were constructed to examine the relationship between the 2 groups and the 30-day and 1-year mortality post amputation. Examination of the graphs of log-minus-log against log of survival time in the Cox models showed parallel curves for the 2 groups, which indicated that the proportional hazards assumption held. Corresponding Cox models were made to examine factors associated with mortality for the intervention group. Kaplan-Meier graphs, for illustratation of the 30-day and 1-year post-amputation survival rates, were generated for the 2 groups. Corresponding graphs for the intervention group 30 days post amputation for subgroups, protection agency (entry no. 01975 HVH-2012-053). The scientifi c board of Statistics Denmark approved the collection of mortality data and Charlson comorbidity index data from National Statistics Denmark (project 704122).
Results
The patient characteristics in the intervention group were comparable to those in the study control group from 2009 (Table  1) , and the Charlson comorbidity indices were similar to those from other hospitals in Denmark (Table 2 ). Compared to the control group, the 30-day and 1-year post-amputation mortality rates for the intervention group were reduced by 52% were derived for age groups, ASA score groups, residential status groups, and the index amputation level groups. Differences between patient characteristics and deaths in the intervention group were analyzed using chi-square tests or Fisher's exact test (if less than 5 cases). Data are presented as mean (SD) if they were normally distributed (based on Q-Q plots), as median with (25-75% quartiles) if they were not normally distributed, or as number (percentage) if categorical. The level of signifi cance was set at p < 0.05. SPSS version 19.0 and GraphPad software were used for the statistical analyses.
Ethics
The study was approved by the local ethics committee and registered with the regional data Patients in the intervention group had their index amputation at a median of 2 (1-4) days after admission and they were discharged after a mean of 23 (SD 14) days after surgery, as opposed to a median of 2 (1.0-4.5) days and a mean of 28 (SD 22) days after surgery in the control group.
Factors infl uencing mortality rates in the intervention group 19 patients (15%) died in hospital; the 30-day and 1-year post amputation mortality rates (Table 4) were 16% and 37%, respectively, and were associated with age, residential status, pre-amputation ambulatory status, ASA score, and the index amputation level in univariable analysis. The 30-day postamputation survival rates can also be seen in Kaplan-Meier survival graphs for age, residential status, ASA score, and index amputation status (Figure 3) . Adjusted Cox regression analysis revealed that the 30-day post-amputation mortality in the intervention group was associated with nursing home status (HR = 2.9, CI: 1.1-7.6) and an index bilateral transtibial or higher amputation status (HR = 9.9, CI: 2.0-50). Correspondingly, a bilateral transtibial or higher amputation (HR = 4.6, CI: 1.5-15) and an ASA score of 4 (HR = 2.8, CI: 0.03-7.9) were statistically signifi cantly mortality rates was verifi ed with the national registry data for the study hospital and other national control groups (Table 3) . associated with deaths that occurred within 1 year of the amputation.
Patients admitted from a nursing home were generally older (p ≤ 0.009) than those living in their own home (with a mean age of 81 (SD 9.2) years vs. 72 (SD 12.0) years), were more likely to use a wheelchair (69% vs. 18%), were more often amputated at a higher level (73% vs. 40%), and stayed in the ward for less time following their index amputation (median of 8 (5-19) days vs. 21 (17-27) days).
Fulfi llment of standards
Audits of the treatment standards that were implemented during the 2-year period revealed that not all standards were followed. For example, the standard for fl uid supplementation stated that 1,000 mL should be administered intravenously on postoperative days 1 and 2. However, in some cases fl uid supplementation was only given at postoperative day 1.
Discussion
We found that it is possible to reduce mortality rates following major non-traumatic LEA by implementing an enhanced treatment and recovery program in the same acute orthopedic ward. The national registry data confi rmed this reduction, although minor differences in mortality rates were seen. One explanation for this observation is that the national registry data only included patients with a "fi rst" major amputation.
Our intervention and control groups had a national registry Charlson comorbidity index comparable to concurrent national groups, and they were approximately age-matched to a number of other amputee series (Dillingham and Pezzin 2008 , Remes et al. 2008 , Johannesson et al. 2010 , Fortington et al. 2013 . As expected, those who were 85 years of age or older in our intervention group had the highest death rate, which is consistent with the results of an earlier Dutch study (Fortington et al. 2013) . In contrast, those in the 75-to 84-year age group survived more often than those in the older group and those aged 65-74 years in both studies. Thus, the 65-to 74-year age group appears to be a high-risk group that may require special attention in the perioperative period. Importantly, the differences in mortality rates observed among the different age et al. , Remes et al. 2008 , Moxey et al. 2010 , Scott et al. 2014 . This tendency remained for the 1-year mortality following the high number of 30-day re-amputations in the intervention group (the TTA/TFA ratio went from 1.3 to 0.80 (bilateral transtibial and higher amputations excluded)). However, a second amputation within 30 days was not associated with increased mortality rates in the intervention group; nor was a previous ipsilateral or contralateral amputation.
In summary, the increased focus on-and enhanced treatment of-the intervention group reduced mortality within the fi rst year to the level seen concurrently in national hospitals and other comparable cohorts (Remes et al. 2008 , Fortington et al. 2013 . Further reduction in mortality rates in the last year of the study (with 30-day mortality of 12.7%) was seen in the intervention group. The latter mortality rate, compared to 34.5% in the historical control group, was also comparable to other cohorts with unusually low 30-day mortality rates following LEA in the UK, the USA, and Australia (Feinglass et al. 2001 , Lim et al. 2006 , Scott et al. 2014 ). This rate is similar to that reported for patients with hip fracture (Nordstrom et al. 2015) . Still, the mortality rates following non-traumatic LEA and hip fracture are still considerably higher than is seen in older patients after knee replacement (Maempel et al. 2015) . groups in the intervention group might explain why age was not an independent risk factor when entered as a continuous variable in the multivariable Cox models. That is, older age is commonly associated with increased mortality rates following LEA (Pohjolainen and Alaranta 1998 , Feinglass et al. 2001 , Kristensen et al. 2012 , Shah et al. 2013 , Wiessman et al. 2015 .
The higher mortality rates associated with lower health (high ASA scores) in the intervention group were to be expected, and this was in agreement with our previous fi ndings ( Kristensen et al. 2012 ) and with the results of studies from the UK (Campbell et al. 2001 , Scott et al. 2014 .
Also, the higher mortality rates observed for patients living in a nursing home were to be expected, because these patients are frail and in poor health. Also, the higher rates in patients with a bilateral transtibial (or higher) amputation following the index amputation suggest that these patients have severe illness, and therefore higher mortality rates. However, we cannot exclude the possibility that the shorter hospital stay for patients from nursing homes (compared to patients living in their own home before admission) infl uenced their mortality rates. Also, we did see a tendency of higher mortality rates in patients with an index TFA amputation, as reported in other studies ( Pohjolainen and Alaranta 1998, Feinglass et al. 2001, Stone 
Strengths and weaknesses
One strength of the present study was that the patient characteristics from the previous study (Kristensen et al. 2012) and in the current intervention cohort from the same setting were comparable. An additional strength was also that deaths were verifi ed by the national civil registry. One weakness of our study was that we did not evaluate the infl uence of other factors on mortality rates in the intervention group (e.g. the cognitive status of patients (with no data available) and perioperative events). However, this was not the purpose of the present study, as these data were not included in the previous study (Kristensen et al. 2012) or were not available from the national registry. Another weakness was that the national registry was not searched for the comorbidity and deaths that occurred within the last year of this study. Thus, we cannot be certain that the decrease in deaths in the last intervention year was related to the enhanced treatment of patients in the study unit, or whether there were fewer deaths overall that year. Other weaknesses were the non-randomized design, that the optimized program was not followed completely for all patients, and that we were unable to identify the elements in the program that reduced mortality. It is noteworthy that these patients were treated in the same unit, which had dedicated staff with expertise in treating similar frail patients. However, a randomized design was considered unethical in view of the very high mortality rates in the previous study, and this is supported by the convincing results of the present study.
To summarize, we found that treating patients in the same acute orthopedic ward with increased attention and implementation of an enhanced multidisciplinary program markedly reduced the 30-day and 1-year post-amputation mortality rates of patients with a major non-traumatic LEA. We recommend that the program should be evaluated further to assess the infl uence of perioperative factors and to gain more knowledge with a view to achieving optimal treatment of these high-risk patients.
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